Background: Percutaneous transesophageal gastro-tubing (PTEG) is a minimally invasive technique to access the gut via an esophagostomy. However, this procedure is not well known and the literature available is still fairly limited. This observational study was conducted to evaluate our experience using this method as an alternative long-term tube feeding procedure when gastrostomy is not suitable. Methods: A total of 15 patients (10 males and 5 females) who underwent PTEG at our institution from 2012 to 2016 were observed and analyzed in this study. Results: The average age was 80.1 (71-93) years. Underlying conditions that required PTEG were previous gastric resection in 11 patients, left diaphragm disorder in 2 patients, interposing transverse colon between the abdominal wall and anterior gastric wall in 1 patient, and severe gastrostomy site leakage in 1 patient. Tube placement was successful in all patients by approaching the left side of the neck, using a 15 Fr size tube. The mean postoperative length of stay was 22 (8-48) days. Postoperative adverse events included accidental tube dislodgement in three patients, tracheoesophageal fistula in one patient, inferior thyroid artery injury in one patient and thyroid gland mispuncture in one patient. There was no procedure-related mortality nor mortality at 30 days. Eight patients were discharged with some oral intake. Conclusions: PTEG is feasible in patients requiring long-term tube feeding for whom gastrostomy is unsuitable. It is an effective long-term tube feeding procedure and should be offered as a more comfortable alternative to nasogastric tubing.
Background
Although percutaneous endoscopic gastrostomy (PEG) is an established procedure for long-term tube feeding in patients with dysphagia or inadequate oral intake, it may not be feasible in some patients. 1 Well-recognized contraindications include severe ascites and advance gastric cancer. A previous gastric resection (total or partial), interposing organs (liver or transverse colon) between the abdominal wall and anterior gastric wall or disorders of the left diaphragm (severe herniation or paralysis) also render some patients who need long-term tube feeding unsuitable for PEG. For these patients, the options available are often nasogastric tubing or laparoscopy (or laparotomy) to achieve percutaneous access to the gut. 2 Percutaneous transesophageal gastro-tubing (PTEG) is a minimally invasive technique developed in Japan to access the gut via an esophagostomy. 3 This procedure was initially developed for patients with malignant obstruction as an alternative to nasogastric decompression. [4] [5] [6] Later on, it was also adopted to maintain longterm tube feeding in cases where PEG may be risky or not possible. 7, 8 However, despite being reported in the US more than 10 years ago, PTEG remains a technique unknown to most surgeons (or gastroenterologists) outside Japan and the available literature regarding this method is still fairly limited. 9 The procedure was developed in 1994 and has been receiving coverage from Japan's National Health Insurance since 2012. This observational study was conducted to investigate the clinical outcomes of PTEG as an alternative long-term tube feeding procedure when gastrostomy is not feasible.
Methods
Patients who underwent PTEG at our hospital between July 2012 and Jun 2016 were enrolled into this study. Baseline characteristics of patients such as age, sex, comorbidities, indications and preoperative biomarkers were recorded. Clinical outcomes of interest such as adverse events, postoperative length of stay, place of discharge, readmission rates and mortality (in-hospital, procedure-related, 30-day and 90-day) were observed. All procedures were performed using the only available commercial PTEG kit (Sumitomo Bakelite Co. Ltd., Tokyo, Japan) in an interventional radiology suite with the use of fluoroscopy and ultrasonography. The study protocol was reviewed and approved by the ethics review committee of Hiroshima Kyoritsu Hospital. Written, informed consent was obtained from the patients or their legal guardians for the procedure, as well as enrollment into our study. This study was carried out in accordance with Japan's Ethical Guidelines for Epidemiological Research (2008) and the Declaration of Helsinki (2013).
The percutaneous transesophageal gastrotubing procedure
Although this technique has been described previously, [3] [4] [5] [6] we will go through the various steps in detail, using fluoroscopic images during a PTEG procedure performed on a patient with a previous total gastrectomy (Figures 1 and 2 ). First, a specially designed rupture-free balloon catheter (14 Fr size, 70 cm length) from the kit was inserted either transnasally or orally under radiological guidance into the upper esophagus just below the thoracic inlet (in this case, with the aid of a guidewire). The rupture-free balloon (RFB) near the tip of the catheter was then inflated with a mixture of distilled water and contrast medium ( Figure 1A) . Next, the position of the RFB was adjusted between the thoracic inlet and left clavicle so that the ultrasound-guiding probe has direct access to it ( Figure 1B ). An ultrasound schematic diagram for the optimal puncture position is shown in Figure 3 , with an actual ultrasound image on the upper right corner of the figure. Unlike the stomach, the lumen of the esophagus cannot normally be insufflated with air. The RFB has the important role of 'pseudoinsufflating' the esophagus so that direct access from the skin surface is possible without compromising the thyroid gland and crucial large blood vessels ( Figure 3 ). Under ultrasonography guidance, the RFB was then punctured with an 18 G puncture needle through the left neck ( Figure  1C ). Successful puncture was confirmed by the gushing water (and contrast medium) after removing the stylet of the puncture needle. Next, a guidewire was inserted so that the tip of it was retained within the RFB ( Figure 1D) . The RFB was then advanced along with the guidewire into the lower esophagus ( Figure 1E ).
The tip of the guidewire was then dislodged from the RFB ( Figure 2A ) and after deflation, the RFB catheter was removed to leave only the guidewire in the upper alimentary tract. Next, a 16 Fr size dilator with an 18 Fr size external peel-away sheath was inserted over the guidewire ( Figure  2B ). After sufficient dilation ( Figure 2C ), the dilator was removed to leave only the guidewire and the external sheath in place. A 15 Fr size feeding tube (45 cm length) was then inserted over the guidewire via the external sheath ( Figure  2D ). After removing the guidewire, contrast medium was injected into feeding tube to confirm that the tip of the tube was placed appropriately ( Figure 2E ). Finally, the external sheath was peeled away and the feeding tube was then secured to the neck at skin level with suture and a specialized collar. A postprocedural endoscopic imaging of the upper esophagus is shown in Figure 4 . Local anesthesia and mild conscious sedation with diazepam were used. Enteral feeding resumed the following day.
Results
A total of 15 patients (10 male and 5 females) who underwent PTEG at our hospital were included in this study. Table 1 summarizes the clinical characteristics of these patients. The average age during tube placement was 80.1 (71-93) years. The majority of patients had impaired oral intake due to a previous stroke, dementia or neurodegenerative disorders. The underlying conditions that required PTEG (indications) were previous gastric resection in 11 patients (5 with total gastrectomy and 6 with partial gastric resection), left diaphragm disorder in 2 patients (one with diaphragm paralysis and the other with severe herniation), interposing transverse colon in 1 patient and severe gastrostomy site leakage in 1 patient. The nutritional status of patients undergoing the procedure was generally poor, with the average body mass index of 16.3 ± 2.5 kg/m 2 and serum albumin levels at 2.7 ± 0.5 g/dl.
Clinical outcomes of interest after PTEG procedure are shown in Table 2 . The average postoperative length of stay was 22 (8-48) days. Adverse events included accidental tube dislodgement in three patients, tracheoesophageal fistula in one patient, pseudoaneurysm resulting from the injury of the left inferior thyroid artery in one patient and mispuncture of the left lobe of the thyroid glands in one patient. Tube reinsertion through the matured esophagostomy tract in the three patients with accidental tube dislodgement was relatively simple but required confirmation using fluoroscopy. One patient (Table 3 , case 6) developed tracheoesophageal fistula due to the mispuncture of the trachea during the procedure. The presence of the feeding tube within the esophagus affected the closure of the fistula and the PTEG tube had to be removed. He went through the procedure again 2 weeks later to insert a new tube. The patient who developed pseudoaneurysm due to an injured left inferior thyroid artery (Table 3 , case 12) required interventional radiological treatment using endovascular coiling for hemostasis. The patient with a mispuncture of the thyroid gland (Table 3 , case 15) suffered only minor bleeding, requiring neither specialized intervention nor blood transfusion.
There was no procedure-related mortality and only one in-hospital mortality due to the patient's comorbidity (respiratory disorder). There was no mortality at 30 days postoperatively but three patients (20%) died before the 90-day mark. Eight (>50%) patients were discharged with Comorbidities (overlapping):
• Stroke, n (%) 10 (67)
• Dementia, n (%) 6 (40)
• Neurodegenerative disorders, n (%)
(27)
• Respiratory disorders, n (%) 9 (60)
Underlying condition requiring PTEG:
• Previous gastric resection, n (%)
(73)
• Left diaphragm disorder, n (%) 2 (13)
• Transverse colon obstruction, n (%)
(7)
• Severe gastrostomy site leakage, n (%)
Preoperative biomarkers:
• BMI kg/m 2 , mean (SD) 16.3 (2.5)
• Hemoglobin count g/dl, mean (SD)
(1.8)
• Platelet count ×10 4 /μl, mean (SD)
(8.2)
• C-reactive protein mg/dl, mean (SD) 2.5 (3.8)
• Serum albumin g/dl, mean (SD) 2.7 (0.5)
• Cholinesterase IU/l, mean (SD) 145 (34)
• Free plasma glucose mg/dl, mean (SD)
(29)
• PT-INR, mean (SD) some degree of oral intake and three patients resumed full oral intake, with one of them opting for the removal of the PTEG tube after discharge. Seven patients were discharged to either their homes or nursing institutions, while the remaining were sent to long-term care hospitals. There were no emergency readmissions within 30 days of discharge. Table 3 provides a summarized list of the patients who received PTEG at our hospital during the study period. After discharge, regular tube replacement was performed every 2-3 months as a follow up and to prevent tube dysfunction.
Discussion
For patients with dysphagia or impaired oral intake, tube feeding is often needed to maintain sufficient enteral nutrition. Although tube feeding can be initiated using nasogastric (or nasojejunal) tubes, percutaneous routes are usually preferable for the long-term. Gastrostomy by PEG has long been recognized as the standard percutaneous tube feeding route because it is generally safe and effective. 1 However, PEG may be contraindicated in patients with severe ascites, partial gastrectomy, advanced gastric cancer involving the anterior wall of the stomach and intra-abdominal metastasis. PEG is also not suitable in patients with total gastrectomy, interposing organs (liver or transverse colon) between the abdominal wall and anterior gastric wall, and severe left diaphragm disorders where the stomach is displaced within the thoracic cage. 8 PEG procedure on these patients may result in organ injury and other life-threatening adverse events. 10 When percutaneous access to the stomach via PEG is not feasible, accessing the small intestine (usually jejunum) using direct percutaneous endoscopic jejunostomy (D-PEJ) is an option that can be considered. 11 This is provided there are no other abdominal contraindications, such as severe ascites and intra-abdominal metastasis. However, D-PEJ is not as simple as PEG and the procedure may be technically impossible in up to 38% of patients. 12 Prolonged jejunal feeding has been associated with adverse events such as copper deficiency and late dumping syndrome. 13, 14 Peristomal leakage rate for D-PEJ has also been reported to be higher than PEG and may impede continuous enteral nutrition. 15, 16 In 1994, PTEG was developed by Oishi et al. in Japan as a minimally invasive technique to access the gut via an esophagostomy. 3 This procedure was initially developed for gastrointestinal decompression in patients with malignant obstruction but is also used as an alternative method to achieve percutaneous tube feeding when PEG is unsuitable or risky. Unfortunately, PTEG remains a technique unknown to most surgeons and gastroenterologists outside of Japan. Recognizing its utility, Japan's National Health Insurance began providing coverage for this procedure in 2012. Patients included in our study were recruited after coverage began.
Our experience showed that PTEG was a relatively safe and very effective procedure for longterm tube feeding in patients with impaired oral intake. Due to the minimally invasive nature of this technique, it was well tolerated even in patients with poor general status, as shown in Table 1 . Nevertheless, we did encounter two major adverse events requiring interventions described in the results section. In patients with adverse events, the esophagostomy tract was compromised in one patient (Table 3 , case 6), Table 2 . Clinical outcomes after percutaneous transesophageal gastro-tubing procedure.
Postoperative length of stay, days, mean (range)
(8-48)
In-hospital mortality, n (%) 1 (7) Procedure-related mortality, n (%) 0 (0) 30-day mortality, n (%) 0 (0) 90-day mortality, n (%) 3 (20)
Discharged with some oral intake, n (%)
8 (53) 30-day readmission after discharge, n (%) 0 (0)
Adverse events:
Accidental tube dislodgement, n (%)
3 (20) Tracheoesophageal fistula, n (%) 1 (7) Inferior thyroid artery injury, n (%) 1 (7) Thyroid gland mispuncture, n (%) 1 (7) Place of discharge:
Nursing institution, n (%) 3 (20)
Long-term care hospital, n (%) 7 (47) requiring a repeat of the procedure. The postoperative mortality rates of PTEG in our study were also low, with only three deaths occurring within the first 90 days following the procedure and all of them due to pre-existing comorbidities.
Although PTEG is performed on the neck of the patient below the level of the thoracic inlet, swallowing function does not seem to be affected, as more than 50% of patients were discharged with some oral intake. Three patients even regained full oral intake after dysphagia therapy at our rehabilitation ward. It should also be noted that cases 7 and 15 from Table 3 were patients with a tracheostomy tube in place before receiving the PTEG procedure. In our experience, an existing tracheostomy tube did not influence the procedure itself, nor did it have any negative effect on the postoperative clinical course of patients.
This procedure is usually executed with the use of ultrasonography combined with fluoroscopy but can also be performed using ultrasonography with endoscopic assistance. 17 Apart from overcoming some of the contraindications of PEG and possible adverse events from D-PEJ, PTEG may also offer some advantages over standard gastrostomy tube feeding. First of all, because the puncture site (esophagostomy site) is relatively distant from the tip of the inserted feeding tube, it is possible to start enteral feeding immediately after the procedure. Secondly, normal gastric peristalsis may not be affected in patients with PTEG, unlike in patients with PEG, where the stomach becomes fixed to the abdominal wall because of the feeding tube. Cervical pharyngostomy is a surgical procedure that achieves similar results. 18 However, it usually requires general anesthesia and the percutaneously inserted tube passes through the hypopharynx into the esophagus, which may still cause some discomfort (but less than nasogastric tubing) as a long-term alternative. Although this study may be limited by its small size, we hope our experience with PTEG described here will be of use to healthcare professionals specializing in the field of enteral nutrition.
Conclusions
Esophagostomy via PTEG is a feasible procedure for patients requiring long-term tube feeding but are not suitable candidates for gastrostomy tube placement. It is effective as an alternative longterm tube feeding procedure and should be offered to patients as a more comfortable option instead of relying on nasogastric tubing alone. Since enteral nutrition is largely recognized as the route of choice when gut integrity is intact, PTEG is an alternative worth exploring when PEG is not possible. 
